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RESONATOR FINE TUNING 

BACKGROUND 

0001 1. Field 
0002 This disclosure relates to wireless energy transfer 
and tuning of resonators to accomplish Such transfer. 
0003 2. Description of the Related Art 
0004 Energy or power may be transferred wirelessly 
using a variety of known radiative, or far-field, and non 
radiative, or near-field, techniques as detailed, for example, in 
commonly owned U.S. patent application Ser. No. 12/613, 
686 published on May 6, 2010 as US 2010/010909445 and 
entitled “Wireless Energy Transfer Systems.” U.S. patent 
application Ser. No. 12/860,375 published on Dec. 9, 2010 as 
2010/0308939 and entitled “Integrated Resonator-Shield 
Structures. U.S. patent application Ser. No. 13/222,915 pub 
lished on Mar. 15, 2012 as 2012/0062345 and entitled “Low 
Resistance Electrical Conductor.” U.S. patent application 
Ser. No. 13/283,811 published on aS and 
entitled “Multi-Resonator Wireless Energy Transfer for 
Lighting, the contents of which are incorporated by refer 
CCC. 

0005 Magnetic resonators may need to be tuned to 
achieve desired and/or specified performance metrics. To 
achieve the desired or specified performance metrics for wire 
less energy transfer, resonators’ parameters may need to be 
within a specific range. For example, in some embodiments a 
resonator resonant frequency may need to be withina range of 
the system resonant frequency for example. In other embodi 
ments the resonator may need to be impedance matched to an 
amplifier, rectifier or other circuitry. 
0006 Components used to build and assemble magnetic 
resonators and power and control circuitry may be specified 
within a range of tolerances or variability in their component 
values. Components such as capacitors, inductors, circuit 
boards, oscillators, resonator coils, transistors, diodes, 
Switches, and the like, may have a rated and/or specified 
nominal value, but may actually have a value different than 
the nominal value. In some embodiments for example, varia 
tions in the inductance of a resonator coil, or variations in the 
capacitance of capacitors may result in actual resonant fre 
quencies that are different than the intended and/or designed 
resonant frequency of the resonator. In other embodiments, 
variations in inductance of the coil or variations in the capaci 
tance of capacitors may affect the impedance matching 
between amplifiers, rectifiers, resonators, or any of the cir 
cuits. In some embodiments of resonators, the parameters of 
the resonators may be perturbed by objects in the environ 
ment around the resonators. 
0007. There are thus many ways in which the frequency 
and/or the impedance matching of the resonator may be out 
side of the desired or optimum range due to environmental, 
manufacturing, operating, and the like, uncertainties. What is 
needed is a simple and way to tune the resonator parameters 
to compensate for environment perturbations, manufacturing 
uncertainty, component variability, and the like. 

SUMMARY 

0008. A wireless energy transfer system may comprise a 
resonator coil and a tile. The tile may comprise magnetic 
material, or electrically conducting material Such as copper, 
or a combination of magnetic material and electrically con 
ducting material. In one aspect, at least one tile of material 
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may be positioned on or near a portion of the resonator coil 
and the position of the tile of material may be used to change 
the inductance of the resonator coil. At least one tile of mate 
rial may be sized to have a desired impact on the inductance. 
At least one tile of material may be sized to change the 
inductance by approximately 0.1 Hormore. At least one tile 
of material may be attached to the coil with tape, adhesives, 
and/or other fastening methods. The tiles may be movable and 
may have a common geometric oran irregular shape and may 
be movable relative to the position of the resonator coil to 
change the inductance of the resonator. The movement of at 
least one tile relative to the resonator coil may be adjusted by 
a person, and/or manually, or it may be adjusted via a 
mechanical or electromechanical control apparatus, and the 
tuning of the inductance of the resonator coil may be per 
formed automatically. 
0009. In another aspect, a magnetic resonator may be 
tuned using the positioning of at least one tile. In the method, 
the parameters of a resonator may be measured and the posi 
tion of at least one tile may be changed near the resonator. The 
change in positioning may be adjusted to change the portion 
of the resonator coil that is covered by the at least one tile 
material. The measured parameters of the resonator may 
include the inductance of the resonator coil, the resonant 
frequency of the resonator, and the impedance of the resona 
tor. The positioning may be performed using a microcontrol 
ler or manually by a user. 
0010. In accordance with an exemplary and non-limiting 
embodiment, a tunable resonator assembly comprises a reso 
nator coil having an inductance, and a tile residing at a posi 
tion relative to the resonator coil the position selected to 
produce a desired change in the inductance of the resonator 
coil. 
0011. In accordance with another exemplary and non-lim 
iting embodiment, a method fortuning a magnetic resonator 
comprises measuring a parameter of a resonator comprising a 
resonator coil, positioning at least one tile to cover an area of 
the resonator coil and changing the area covered by the at least 
one tile to change the parameter of the resonator to a desired 
value. 

BRIEF DESCRIPTION OF FIGURES 

0012 FIG. 1 is a block diagram of a system according to 
an exemplary and non-limiting embodiment; 
0013 FIG. 2 is an illustration of a resonator coil with a 
ferrite tuning block according to an exemplary and non-lim 
iting embodiment; 
0014 FIG. 3 is a graph showing the effect of a ferrite tile 
on the inductance of a resonator coil according to an exem 
plary and non-limiting embodiment; 
0015 FIG. 4 is a flow diagram of a method according to an 
exemplary and non-limiting embodiment; 
0016 FIG. 5 is a diagram showing a resonator coil with a 
triangular ferrite tuning block according to an exemplary and 
non-limiting embodiment; and 
0017 FIG. 6 is a diagram showing a resonator coil with a 
spiral shaped ferrite tuning block according to an exemplary 
and non-limiting embodiment. 

DETAILED DESCRIPTION 

0018 Magnetic resonators may need to be tuned to 
achieve desired and/or specified performance metrics. To 
achieve the desired or specified performance metrics for wire 
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less energy transfer, resonators’ parameters may need to be 
within a specific parameter range. For example, parameters 
Such as the resonant frequency of a magnetic resonator may 
need to be matched to the wireless energy transfer system 
resonant frequency. In accordance with Some exemplary 
embodiments a resonator resonant frequency may need to be 
within approximately 5% of a system resonant frequency 
and/or within approximately 5 kHz of a fixed frequency such 
as 145 kHz, 250 kHz, 6.78 MHZ and the like. In other exem 
plary embodiments, an amplifier, rectifier, Source electronic 
circuit, device electronic circuit, matching network, power 
and control circuitry, and the like may be impedance matched 
to the impedance of a resonator or resonator coil. Impedance 
matching may be used to allow an amplifier, a source elec 
tronic circuit, a matching network, a power and control cir 
cuit, and the like, to more efficiently drive a source resonator 
coil or for a rectifier, device electronic circuit, impedance 
matching network, power and control circuitry, and the like, 
to more efficiently extract energy from a device resonator 
coil. 
0019 Components used to build and assemble magnetic 
resonators and power and control circuitry may be specified 
within a range of tolerances or variability in their component 
values. Components such as capacitors, inductors, circuit 
boards, oscillators, resonator coils, transistors, diodes, 
Switches, and the like, may have a rated and/or specified 
nominal value, but may actually have a value different than 
the nominal value, but within a specified range or tolerance of 
that nominal value. In accordance with some exemplary 
embodiments, the variability of a part may be +-1%, +-2%. 
+-5%, +-15%, and the like of its nominal value. A capacitor, 
for example, with a nominal capacitance rating of 100 pF may 
in fact have a capacitance value anywhere in the range of 85 
pF to 115 pF when the capacitor is specified as having a range 
or variability of capacitance (or range or tolerance) of +-15%. 
0020. A variation in the inductance of the resonator coil, or 
a variation in the capacitance of the resonator may affect the 
resonant frequency of the resonator. In other embodiments, a 
variation in the inductance of the coil or a variation in the 
capacitance of capacitors may affect the impedance matching 
between amplifiers, rectifiers, or any of the circuits of a wire 
less power transfer system coupled to the resonators. Such 
variations may reduce the efficiency of power delivery to or 
the extraction from, the resonators. The variability of com 
ponents may mean that for Some applications, the parameters 
of some manufactured resonators or some manufactured 
wireless power systems may be outside the desired operating 
range. Some values of the components may need to be tuned 
or adjusted during manufacture or after manufacture, or addi 
tional components may need to be added or existing compo 
nents removed to compensate for the variability of compo 
nents placed as part of the resonator or system production 
process. 

0021. In some instances involving resonators, the param 
eters of the resonators may be perturbed by objects in the 
environment around the resonators. In some instances, metal 
or lossy objects placed around resonators may load or perturb 
the parameters of the resonators. For example, a metallic 
object near a resonator coil may affect the resonant frequency 
of the resonator and shift the frequency outside a desired 
operating range. 
0022 Parameters of magnetic resonators may be adjusted 
ortuned by adding or removing inductors, capacitors, and the 
like, from the electronic circuits of the resonators until the 
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desired operating parameters, such as the desired resonant 
frequency or the desired impedance matching, are reached. 
Components may be added, Subtracted and/or altered using 
electronically controllable switches to tune the overall circuit 
parameters. Adjusting the parameters of components such as 
capacitors and capacitor networks and inductors and inductor 
networks may require several steps of soldering/de-soldering 
components, measuring effective circuit parameters and/or 
system or Subsystem operation, and soldering/de-Soldering 
other components until the desired net capacitance and induc 
tance values are achieved. Because the components such as 
capacitors and/or inductors may each have variability of their 
individual component values, it may be difficult to predict the 
number of soldering/de-soldering iterations that will be 
required to achieve the desired circuit and/or system perfor 
mance parameters. 
0023. It therefore may be desirable to allow a user of a 
wireless power system to perform Some tuning of the system 
after it has been manufactured, purchased, or installed. In 
Such instances, it may be difficult to predict the exact nature or 
magnitude of perturbations on a resonator due to its environ 
ment and hence a user or a consumer may need to tune the 
parameters at the location and placement that the resonator 
will be used. In other instances, a wireless power transfer 
system may comprise resonators that were designed for one 
environment but are now being operated in a different envi 
ronment. In yet other instances, tuning the resonators for 
operation in the different environment may yield system per 
formance improvements. For some products and applica 
tions, tuning of the wireless power system components by 
soldering or unsoldering components such as individual 
capacitors or inductors may not be desirable, feasible or prac 
tical. 

0024. It may further be preferable to tune resonators dur 
ing manufacture to reduce the effects of component variabil 
ity as well as tune resonators after manufacture allowing users 
to tune resonators to compensate for effects due to perturba 
tions from the environment using a method other than adding 
or changing or removing electrical components in the reso 
nators, inductive coils, matching networks and the like. A 
method that enables resonatortuning without changing com 
ponents on a circuit board could enable faster manufacturing 
speeds, higher manufacturing yields, post-manufacture sys 
tem improvements, user-tuned systems, system reuse through 
re-tuning and the like. 
0025. As discussed with reference to exemplary and non 
limiting embodiments discussed more fully below, magnetic 
resonators and other components of wireless power transfer 
systems may be tuned inexpensively and with both coarse and 
fine precision by locating tiles of materials such as magnetic 
materials (ferrite) in certain positions in the vicinity of the 
inductive loops or coils of the magnetic resonators. 
0026. With reference to FIG. 1, there is illustrated a block 
diagram of various components that may function in a coop 
erative manner to tune various parameters of a resonator coil 
or coils 104 as described herein. As illustrated, tile 102 is 
located within proximity to resonator coil 104 in a manner 
sufficient to achieve a desired tuning of resonator coil 104. 
Actuator 120 operates to position tile 102 in a desired position 
about resonator coil 104. As described more fully below in 
accordance with exemplary embodiments, actuator 120 may 
linearly translate tile 120 back and forth along a perimeter of 
resonator coil 104, forwards and backwards towards and 
away from resonator coil 104 and up and down above and 
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below resonator coil 104. In accordance with other exemplary 
embodiments, actuator 120 may operate to alter a rotational 
orientation of tile 120 vis-a-vis resonator coil 104. 

0027. In accordance with exemplary and non-limiting 
embodiments, actuator 120 is communicatively coupled to 
controller 122. Controller 122 operates to provide actuator 
120 with instructions in response to which actuator alters a 
position of tile 102 with respect to resonator coil 104. Con 
troller 102 may comprise any and all devices, including, but 
not limited to, mechanical and computing devices, configured 
to receive inputs indicative of a desired position and orienta 
tion of tile 102 and outputting instructions to actuator 120 to 
achieve such desired positioning of tile 102. In accordance 
with some exemplary embodiments, controller 122 include a 
computer-readable storage medium encoded with a set of 
instructions for directing controller to receive user input, Such 
as via a user interface, and to output corresponding instruc 
tions to actuator 120. In accordance with other exemplary 
embodiments, controller 122 may act in autonomous fashion 
based, at least in part, upon instructions stored upon and/or 
accessible to controller 122 to instruct the operation of actua 
tor 120 without direct user input. In such embodiments, con 
troller 122 may receive as input measurements or other feed 
back indicative of desired attributes of resonator coil 104 as 
affected by the placement of tile 102. 
0028. As used herein, references to “blocks' and/or “tiles' 
of magnetic materials may be used interchangeably with ref 
erence to materials utilized informing tiles 102 and utilized in 
tuning the inductance of a resonator or inductor coil 104. The 
blocks or tiles may be of any shape, weight, size and material. 
For example, blocks and tiles may also be referred to as 
“disks”, “chunks”, “pieces”, “segments”, “chips”, “patches'. 
“sheets”, “rods”, “cores”, “plates', and the like. In addition, 
different tiles 102 may comprise different types of magnetic 
materials such as ferrites and materials with commercial 
specifications including, but not limited to, N95, PC95, N49. 
NLX8, Finemet, Liqualloy, and any other type of magnetic 
material. Tiles 102 may comprise Ni, Zn, Mg, Fe, and other 
materials. Tiles 102 may be placed on the resonator coil 104 
or any portion of the resonator coil 104. Tiles 102 may be 
placed near resonator coil 104 or any portion of resonator coil 
104. Tiles 102 may be touching the copper conductor forming 
the resonator coil 104 or they may be offset from the copper 
conductor. Tiles 102 may be fixed in position or may be 
movable. Tuning may be achieved using any combination of 
materials and placement positions. The placement or move 
ment of any combination of Tiles 102 may be used to achieve 
discrete or continuous tuning of the inductance of resonator 
coil 104, permanent oradjustable inductance of resonator coil 
104, and coarse or fine tuning of the inductance of resonator 
coil 104. 

0029. In a magnetic resonator, the resonant frequency of 
the resonator may be in part determined by the inductance 
value of resonator coil 104. The frequency of the resonator 
may be adjusted or tuned by adjusting the inductance of 
resonator coil 104 by placing at least one tile 102 or near 
resonator coil 104. At least one tile 102 placed on or near 
resonator coil 104 may increase the effective inductance of 
resonator coil 104 thereby affecting the resonant frequency of 
the resonator. The change in inductance of the resonator coil 
104 may be variably tuned with tiles 102 by varying the size 
of the magnetic tiles 102, the tile orientation, the number of 
tiles 102, the type of magnetic material used to form tiles 102. 
the thickness of tiles 102, the position of the magnetic tile 102 
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relative to resonator coil 104, and the like. In accordance with 
exemplary embodiments, the inductance of resonator coil 104 
may be increased by increasing the size of the tile or tiles 102 
of magnetic materials and/or by increasing the area of reso 
nator coil 104 covered by the tile or tiles 102 and/or by 
varying the position of the tile or tiles 102. In accordance with 
exemplary embodiments, the inductance of resonator coil 104 
may be increased by moving tiles 102 or a tile 102 of magnetic 
material closer to resonator coil 104. Likewise, the induc 
tance of resonator coil 104 may be decreased by reducing the 
area of resonator coil 104 that is covered by tiles 102 or a tile 
102 of magnetic material or by increasing the distance 
between tiles 102 or tile 102 of magnetic material and the 
resonator coil 104. In accordance with exemplary embodi 
ments, tiles 102 or pieces of magnetic material may be added 
or removed from the vicinity of resonator coil 104 to change 
its inductance. 

0030. With reference to FIG. 2, there is illustrated an 
exemplary embodiment of tile 102 and resonator coil 104. For 
example, a 20 cm by 20 cm resonator coil 104 comprising 10 
turns of Litz wire may be connected to a capacitor network 
(not shown) such that the resonant frequency of the structure 
is 250 kHz. The resonant frequency of such a structure may be 
tuned using at least one tile 102 or piece of magnetic material. 
In this example, a resonator coil 104 in free space may have an 
inductance, L, of 40.2 uH. The placement of a 1 mm thick tile 
102 of magnetic material on top of the resonator coil 104, as 
shown, may affect the inductance of resonator coil 104. The 
change in inductance of resonator coil 104 may be varied by 
changing the tile's length 106 and/or by adding more tiles 102 
and/or by adding or removing pieces of tiles 102 and/or by 
using tiles 102 composed of a different magnetic material, 
and the like. By changing the length 106 of tile 102 or tiles 
102 of magnetic material and/or by repositioning magnetic 
tile 102 or tiles 102 so that a different amount of resonator coil 
104 is covered and/or contacted by tile 102 or tiles 102, the 
inductance of resonator coil 104 may be tuned and the reso 
nant frequency of the resonator may be tuned. 
0031. With reference to FIG. 3, there is illustrated the 
effect of the length of an exemplary tile 102 of magnetic 
material on the inductance of an exemplary resonator coil 
104. As illustrated, the length 106 of tile 102 (in millimeters) 
placed on resonator coil 104 is plotted versus the measured 
inductance of the resonator coil. As the tile length 106 is 
increased, the inductance of resonator coil 104 increases as 
well. 

0032. In accordance with exemplary embodiments, the 
change of inductance of a magnetic resonator coil 104 may 
have a nearly linear relationship with the length of similarly 
sized and positioned ferrite tiles 102 added to the coil. A 
known and/or predictable relationship between magnetic tile 
size (type, shape, position, and the like) and resulting induc 
tance change make it possible to pre-determine the length of 
tile, or the area of resonator coil 104 that may be covered by 
a tile 102 of magnetic material, to tune the resonator fre 
quency and/or impedance by a desired amount or to a particu 
lar value. 
0033 Adding or placing magnetic material. Such as tile 
102, on resonator coil 104 or near resonator coil 104 may 
increase the inductance of the coil. In accordance with exem 
plary embodiments, the desired tuning may be to reduce the 
inductance of the resonator coil. In Such embodiments, a 
resonator may initially be constructed and tuned with at least 
one magnetic material tile 102 on or near resonator coil 104 so 
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that inductance may also be reduced by moving, removing or 
decreasing the size of the at least one tile 102 of magnetic 
material. In other embodiments, the resonator may be initially 
constructed and tuned to a lower inductance than the pre 
ferred or target inductance of resonator coil 104 thereby 
ensuring that tuning may require increasing the inductance of 
resonator coil 104 and thus adding at least one tile 102 of 
magnetic material. 
0034. With reference to FIG. 4, there is illustrated an 
exemplary embodiment of a method for tuning a resonator 
coil 104 via the purposeful positioning of a tile 102. First, at 
step 200, a parameter of a resonator comprising a resonator 
coil 104 is measured. Next, at step 210, at least one tile 102 is 
positioned to cover an area of the resonator coil 104. Then, at 
step 220, the area covered by the at least one tile 102 is altered 
to change the parameter of the resonator to a desired value. 
Details associated with these steps are described more fully 
below. 

0035. In accordance with exemplary embodiments, tuning 
of resonator parameters using at least one tile 102 of magnetic 
material may be performed during the manufacturing of the 
resonator. For example, the resonant frequency of the reso 
nator may be measured and adjusted by gluing, attaching, 
Sticking, strapping, tying, magnetically attaching, taping, 
positioning, and the like at least one of various sized tiles 102 
of magnetic material to an area of resonator coil 104 or a 
position sufficiently near resonator coil 104 to achieve a pre 
determined inductance of resonator coil 104. During manu 
facture, a resonator or resonator coil 104 may be manufac 
tured using components whose parameter values may have 
variability or a specified tolerance. After manufacture, param 
eters of the resonator or resonator coil 104 may be measured 
and adjusted with the placement of the at least one tile 102 of 
magnetic material. For example, a machine or an operator 
may add one or more tiles 102 or increase the effective size of 
magnetic tiles 102 added to resonator coil 104 if the induc 
tance is measured to be below a desired value. 

0036. In accordance with exemplary embodiments, tuning 
of magnetic resonators and/or wireless power transmission 
systems may be implemented by a user or a consumer after 
the resonators and/or systems are manufactured. In accor 
dance with exemplary embodiments, at least one tile 102 of 
magnetic material may be attached to resonator coil 104 or on 
the packaging near resonator coil 104. A product with a 
magnetic resonator may come with a variety of differently 
sized adhesive tiles 102 of magnetic material that may be 
attached to resonator coil 104 or the enclosure of the resonator 
coil. A person or machine performing tuning may try attach 
ing differently sized tiles 102 and/or combinations of tiles 102 
until the desired resonant frequency, or wireless energy trans 
fer performance is achieved. In accordance with exemplary 
embodiments, a resonator housing 108 may use permanent 
magnet materials, or other magnetic materials, to attract and 
hold the differently size tiles and/or combinations of tiles to 
the desired position on or near the resonator coil. In embodi 
ments, there are many ways to hold differently sized tiles 
and/or combinations of differently sized tiles 102 on or near 
resonator coil 104, either in a temporary or fixed manner, to 
tune the inductance of magnetic resonator coil 104. 
0037. In accordance with exemplary and non-limiting 
embodiments a resonator or a package for a resonator or a 
product may include a slide, dial, Switch, knob, and the like 
that allows a user to directly or indirectly change the area of 
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resonator coil 104 that is covered by a tile 102 of a magnetic 
material thereby tuning the inductance of the resonator coil. 
0038. With reference to FIG. 5, there is illustrated an 
exemplary embodiment of a configuration of tile 304 for 
selectively altering the inductance of resonator coil 302. As 
illustrated, for example, tile 304 may be shaped or oriented 
such that when tile 304 is rotated, slid, or moved, tile 304 will 
span or cover a different area of resonator coil 302. In this 
example, the magnetic tile 304 is shaped as a triangle and 
positioned partially over the resonator coil 302. Sliding the 
triangular shaped tile 304 of magnetic material in the direc 
tion of the arrow will change the area of resonator coil 302 
that is covered by tile 304. The tile 304 of magnetic material 
may be moved by hand, and/or by a knob or a slider accessible 
to a user. The magnetic material may be moved by any type of 
electro-mechanical or automated actuator 120 Such as in 
response to instructions received from controller 122. 
0039. With reference to FIG. 6, there is illustrated another 
exemplary and non-limiting embodiment of tile 402 having a 
curved shape designed to cover a different area of resonator 
coil 404 when tile 402 is rotated around a central location 406 
as indicated by the arrow.Inaccordance with Some exemplary 
embodiments, the curved tile 402 may be rotated by hand, a 
knob or, a slider or the like accessible to a user or actuator 120. 
0040. As those skilled in the art will appreciate, the tiles 
102 may have a variety of different shapes, cutouts, sizes, and 
the like depending on the type of movement, amount of tuning 
range desired, and the like. In some exemplary embodiments, 
the movement of tiles 102 may be directly controlled by a user 
with an external knob or slider, such as one providing input to 
controller 122, actuator 120 or in physical communication 
with tie 102. In other exemplary embodiments, the movement 
of tile 102 may be controlled electronically by a variety of 
electromechanical actuators 120 such as servos, motors, 
piezoelectric materials, electromagnets and the like. In accor 
dance with some exemplary embodiments, the tiles 102 may 
be continuously moved to Sweep the frequency and/or imped 
ance of the magnetic resonator, or the magnetic materials may 
be moved periodically, intermittently, and/or using a 
sequence that implements a frequency or impedance hopping 
scheme. 

0041. The position of the tile 102 of magnetic material 
may be controlled by an operator, either directly or via inter 
facing with controller 122, or automatically by power and 
control circuitry, such as may comprise controller 122 and 
actuator 120. Power and control circuitry may additionally 
include components for measuring the parameters of the reso 
nator or the electrical parameters of the resonator during 
energy transfer and using mechanical or electromechanical 
actuators 120 or motors to adjust the position of tiles 102 of 
magnetic material to tune the parameters of magnetic reso 
nator 104. The tiles 102 may form part of a feedback circuit or 
a feedback scheme for controlling magnetic resonators and/or 
wireless power transmission system performance. Tile 102 
may be part of a monitoring method, a communication 
method, a signaling method and the like utilized in a wireless 
power transmission system. 
0042. In accordance with exemplary and non-limiting 
embodiments, resonator, such as one comprising resonator 
coil 104, and/or wireless power transfer system tuning using 
the position of at least one tile 102 of magnetic material may 
be performed interactively by a user. For example, the tuning 
may be performed on a source resonator and the effects of the 
tuning may be observed on the devices. A device may have a 
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read-out, or an indicator of the power it is receiving, and the 
power level may vary as the at least one tile 102 of magnetic 
materials is moved and/or adjusted. A user may adjust the 
tuning knob that moves the tiles 102 of magnetic material 
relative to the resonator coil 104 until the power delivered to 
the device is maximized. As described above, such a knob or 
other adjusting device may be in physical communication 
with tile 102 or may be, for example, be a virtual knob or other 
graphic element comprising a user interface of controller 122 
via which the user may adjust the position of tile 102. The 
tuning of magnetic resonators using tiles 102 may be imple 
mented on any type of magnetic resonator, including but not 
limited to Source resonators, device resonators, repeater reso 
nators, resonators comprising air core inductors, resonators 
comprising magnetic material core inductors, resonators 
comprising tunable and/or fixed components such as capaci 
tors, capacitor banks, inductors, self-structures, Switches, and 
the like. 
0043. In accordance with exemplary embodiments, tuning 
using tiles 102 of magnetic material may be used on both 
Source and device resonators. In some embodiments of a 
wireless energy transfer system only source resonators may 
have a tuning capability using tiles 102 of magnetic material. 
In other embodiments of a wireless energy transfer system 
only the device resonators may have a tuning capability using 
tiles 102 of magnetic material. In other embodiments of a 
wireless energy transfer system at least one repeater resonator 
may have a tuning capability using tiles 102 of magnetic 
material. In other embodiments of a wireless energy transfer 
system only one or any combination of resonators may have 
a tuning capability using tiles 102 of magnetic material 
0044. In accordance with exemplary embodiments, the 
effective inductance of resonator coil 104 may also be 
adjusted by changing the relative distance between resonator 
coil 104 and at least one tile 102 of magnetic material. The 
closertile 102 of magnetic material is to the resonator coil the 
larger the effective inductance of the coil. In addition to, or 
instead of adjusting the inductance of the resonator by chang 
ing the area of the resonator coil covered by the magnetic 
material, the inductance of the resonator coil may be adjusted 
by changing the spacing between the magnetic material and 
the resonator coil. 
0045. In accordance with exemplary embodiments, tiles 
102 of electrically conducting materials may be used to tune 
the inductance of resonator coil 104. Any embodiments, 
examples, explanations, and the like described herein that 
include the use of tiles 102 of magnetic material are equally 
valid and inventive if the tiles 102 comprise good conducting 
materials in addition to the magnetic materials, or instead of 
the magnetic materials. Example of good conducting materi 
als include, but are not limited to, copper, silver, aluminum, 
platinum, gold, conducting paste, gels, inks, paints and the 
like. 

0046. In accordance with various exemplary embodi 
ments tiles 102 may comprise a low loss magnetic material 
Such as ferrite and/or appropriately sized and shaped low loss 
conductors so as to mitigate any undesired effects of tile 102 
on other parameters of the resonator Such as lowering its 
quality factor, for example. 
0047. While the invention has been described in connec 
tion with certain preferred embodiments, other embodiments 
will be understood by one of ordinary skill in the art and are 
intended to fall within the scope of this disclosure, which is to 
be interpreted in the broadest sense allowable by law. For 
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example, designs, methods, configurations of components, 
etc. related to transmitting wireless power have been 
described above along with various specific applications and 
examples thereof. Those skilled in the art will appreciate 
where the designs, components, configurations or compo 
nents described herein can be used in combination, or inter 
changeably, and that the above description does not limit Such 
interchangeability or combination of components to only that 
which is described herein. 
0048 All documents referenced herein are hereby incor 
porated by reference. 
What is claimed is: 
1. A tunable resonator assembly comprising: 
a resonator coil having an inductance, and 
a tile residing at a position relative to the resonator coil the 

position selected to produce a desired change in the 
inductance of the resonator coil. 

2. The assembly of claim 1, wherein the tile comprises a 
magnetic material. 

3. The assembly of claim 1, wherein the tile comprises an 
electrical conductor. 

4. The assembly of claim 1, wherein the tile comprises a 
magnetic material and an electrical conductor. 

5. The assembly of claim 1, wherein the tile is sized to tune 
the inductance of the resonator coil by at least 0.1 uH. 

6. The assembly of claim 1, wherein the tile comprises an 
adhesive. 

7. The assembly of claim 1, wherein the tile is shaped such 
that when the tile is moved in a linear direction, an area of the 
resonator coil covered by the tile changes. 

8. The assembly of claim 7, wherein the tile is triangular 
shaped. 

9. The assembly of claim 1, wherein the tile is shaped such 
that when the tile is rotated an area of the resonator coil 
covered by the tile changes. 

10. The assembly of claim 1, wherein a separation between 
the tile and the resonator coil is adjustable. 

11. The assembly of claim 1, wherein a relative angle 
between the tile and the resonator coil is adjustable. 

12. The assembly of claim 1, wherein the position and an 
orientation of the tile is changed by mechanical means. 

13. The assembly of claim 1, wherein the position and an 
orientation of the tile is changed by electromechanical means. 

14. The assembly of claim 13, wherein the position and an 
orientation is controlled by a micro controller. 

15. A method fortuning a magnetic resonator comprising: 
measuring a parameter of a resonator comprising a reso 

nator coil; 
positioning at least one tile to cover an area of the resonator 

coil; and 
changing the area covered by the at least one tile to change 

the parameter of the resonator to a desired value. 
16. The method of claim 15, wherein the tile comprises a 

material selected from a group consisting of magnetic mate 
rial, conducting material, and conducting and magnetic mate 
rial. 

17. The method of claim 15, wherein the parameter is the 
inductance of the resonator coil. 

18. The method of claim 15, wherein the parameter is a 
resonant frequency of the resonator coil. 

19. The method of claim 15, wherein the parameter is an 
impedance of the resonator coil. 

20. The method of claim 15, wherein the positioning is 
controlled by a microcontroller. 
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21. The method of claim 15, wherein the positioning is 
controlled by a user. 

22. The method of claim 15, wherein the tile is fixed in the 
desired position. 

23. The method of claim 22, wherein the tile is held in place 
by magnetic attraction. 

k k k k k 


